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Radical addition reaction of alkyl halides with ketene di-
thioacetal monoxide in the presence of tributyltin hydride and
a catalytic amount of 2,20-azobis(isobutyronitrile) (AIBN) pro-
ceeds smoothly to provide the corresponding adducts in moder-
ate to high yields.

Ketene is one of the most important building blocks for syn-
thesis of carbonyl compounds.1,2 However, few radical reactions
using ketene have been reported,3 because of the difficulty to
control the regiochemistry in the addition of radicals to ketene4

(eq 1). Radical addition to ketene equivalents, instead of ketene
itself, has also been limited,5 although the reaction provides us
with an alternative route to various carbonyl compounds via rad-
ical pathways. Therefore, development of new methods for the
radical addition reaction to a novel ketene equivalent as a radical
acceptor would provide a powerful synthetic tool.
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Recently, we have been pursuing the synthetic utility of
ketene dithioacetal monoxides as ketene equivalents.6 Ketene
dithioacetal monoxides should be good candidates for a radical
acceptor because radical intermediate 2, generated by the addi-
tion of alkyl radical to ketene dithioacetal monoxide 1, would
be well-stabilized by both sulfanyl and sulfinyl groups due to
captodative effect7 (Scheme 1). The stability of intermediate 2
could prevent undesired side reactions such as polymerization.
Here, we report radical addition of alkyl halides to ketene
dithioacetal monoxide 1 as a ketene equivalent.

Tributyltin hydride (2.0 equiv) was added to a mixture of
tert-butyl bromide (5a) (3.0 equiv) and a ketene dithioacetal de-
rivative 1a, 1b, or 1c (1.0 equiv) over 1 h in the presence of 0.1
equiv of 2,20-azobis(isobutyronitrile) (AIBN) as a radical initia-
tor in boiling benzene (Scheme 2).8 Among three ketene dithio-
acetal derivatives, 2-methylene-1,3-dithiane 1-oxide (1a) was
found to be the best radical acceptor. The reaction of 5a with
1a afforded 3a in 84% yield. To our surprise, the reaction with
acyclic reagent 1b failed to afford the corresponding adduct,
instead yielding a complex mixture. Treatment of 5a with 2-
methylene-1,3-dithiane (1c) provided the desired product 3c in
only 43% yield. It is worth noting that sulfoxide 3a could be

separated by silica-gel column purification without contamina-
tion by tin residues due to the high polarity of 3a.

The use of triphenyltin hydride instead of tributyltin hydride
could decrease the amount of alkyl halide. Thus, the reaction of
tert-butyl bromide (5a) (1.0 equiv) with ketene dithioacetal
monoxide 1a (1.2 equiv) in the presence of triphenyltin hydride
(2.0 equiv) and AIBN (0.2 equiv) gave the corresponding adduct
3a in 70% yield.9

Then, we examined the scope of alkyl halides (Table 1). In
the case of tertiary alkyl bromides (Entries 1–4), desired prod-
ucts were obtained in high yields. The phenylsulfanyl group was
tolerated under the reaction conditions (Entry 4). Secondary and
primary alkyl halides also underwent the radical reaction
smoothly with 1a (Entries 5–7). Secondary alkyl iodides 5e
and 5f were converted to the corresponding adducts in good
yields in the reactions with 1a, although the products were
mixtures of two diastereomers. Primary alkyl iodide 5g reacted
with 1a to provide 3g in moderate yield.

We next examined the utility of the products (Scheme 3).
The dithioacetal monoxide moiety could be removed smoothly
without using toxic mercury reagents. Treatment of sulfoxide
3b with a catalytic amount of sulfuric acid in hot toluene afford-
ed aldehyde 6 in almost quantitative yield. In addition, sulfoxide
3b could be reduced easily into 1,3-dithiane.10 Treatment of sulf-
oxide 3b with trifluoroacetic anhydride and sodium iodide gave
1,3-dithiane 7 in high yield.

In order to develop the further utility of the radical addition
products of ketene dithioacetal monoxide, tertiary alkyl bromide
8 bearing an amide moiety11 was subjected to the reaction with
1a (Scheme 4). The reaction proceeded efficiently to give de-
sired adduct 9 in high yield. Then, the product 9 was treated with
hydrochloric acid followed by an addition of benzoyl chloride to
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provide dihydropyrrole 10 bearing a quaternary carbon atom in
good yield. This result shows that the radical addition reaction
would be useful for the synthesis of heterocycles bearing such
a quaternary carbon moiety.

In conclusion, we have developed radical addition of alkyl
halides to 2-methylene-1,3-dithiane 1-oxide as a ketene equiva-
lent in the presence of tributyltin hydride and a catalytic amount
of AIBN. The reaction afforded alkanal equivalents protected as
dithioacetal monoxide, which can be removed easily with sulfu-
ric acid. The products could be subjected to a variety of organic
transformations.
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Table 1. Reactions of alkyl halides with sulfoxide 1a in the
presence of tributyltin hydride and a catalytic amount of AIBN
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